The early Cambrian carbonaceous shale and laminated chert-phosphorite assemble (the black rock series) are widespread at the northwest margin of the Tarim Basin, Northwest China. In combination with previously reported data, we present stable molybdenum isotope (δ 98/95 Mo), TOC, and redox-sensitive trace elements to evaluate the sedimentary conditions in early Cambrian water column during the deposition of the black rock series in the Tarim Basin. Redox variation was documented based on enrichment factors (Mo EF , V EF , and U EF ) and redox-sensitiv elements ratios (Ni/Co, V/Cr, δU), etc. During the early Cambrian, there was transgressive event, and the sea level continues to rise. In the basal Cambrian, laminated chert-phosphorite assemble with low TOC concentrations suggest the oxic sedimentary condition in a restricted basin. Light Mo isotope values and redox sensitive elements enrichment in the carbonaceous shale layer indicate lack oxygenic sedimentary condition, and was suboxic/anoxic conditions during the transgressive phase. The hydrothermal fluids from the open ocean affected the whole deposition process of the black rock series.
Introduction
The molybdenum (Mo) isotope system, together with trace metal geochemistry have been taken as the indicator of the redox conditions in ancient paleo-envi- [7] . The rate and completeness of removal of Mo to sediment dif- [6] [8] [9] . A model for interpreting primary redox environments from the δ 98/95 Mo of organic carbon rich mudrock deposit has been defined [10] . In fully oxic conditions, Mo would be mainly adsorbed to Mn-oxides, and little Mo enrichment below sedimentwater interface [10] . In suboxic and weakly euxinic conditions, Mo isotopic fractionation might be between that of oxic and strongly euxinic sediments [2] [11] .
In anoxic seawater and pore fluids, Mo is converted to the particle reactive thiomolybdate anion ( ) Mo has heavy isotope value closer to that of modern ocean water (2.3‰) [11] [14] .
Trace elements, such as Mo, U, V, etc., are highly sensitive to redox changes in the water column and are highly enriched in the reducing sediment, potentially making them and their ratios for important proxies for paleo-redox conditions [15] [16] [17] .
The early Cambrian represents a unique period in Earth history characterized by global environment and biological changes [18] [19] . Lower Cambrian organic-rich black shales have been discovered in North America, southern Australia, parts of European, and Asia [7] [20] [21] [22] [23] . A possible global ocean anoxia event could be occurred during the early Cambrian period, and numerous geochemical proxies (such as C, S isotopes), also support this suggestion.
In China, the Lower Cambrian sedimentary strata, containing black shales and cherts, occur on the Yangtze and Tarim Platforms [7] Mo, TOC concentrations and trace element geochemistry attempts to contribute to an understanding of the paleo-environment of Early Cambrian seawater on the Northwest China.
Geological Setting and Sampling
The Tarim Basin, located within the Xinjiang Uygur Autonomous Region of northwestern China, is one of the largest hydrocarbon-bearing intracontinental basins in the world [23] . The Tarim Basin is surrounded by the orogenic belts of Tienshan Mountains to the north, the western Kunlun Mountains to the south, and the Central-Southern Altyn Tagh Mountains to the southeast [32] . [33] . Lithologically, the Yurtus Formation is composed of basal black rock series and limestone above those basal rocks. The black rock series are over-and underlain by limestones, suggesting a shallow marine environment [23] . The black rock series contain bedded black chert with dark colored phosphatic granule layers, and carbonaceous shale (Figure 1(c) ).
The Sugetbrak section ,which is one of the well-known sections of the Akesu-Wushi area, is located in the northern margin of the Tarim Basin ( Figure   1 
Samples Preparation and Analytical Methods
Fresh samples were directly selected indoors. The samples were washed with deionized water and ground to 200-mesh using an agate mortar for chemical analysis. Trace elements, TOC, and Mo isotope were analyzed in this study. 
Trace Element and TOC Analysis
δ δ δ   = − ×     ‰ (1)
Analytical Results
The δ 98/95 Mo values, TOC, and trace element concentrations (such as Mo, U, and V, et al.) and their ratios are presented in Table 1 .
Mo Isotope
Mo isotopic data are presented in Table 1 , and their stratigraphic trend is shown in Figure 2 
Trace Elements and TOC
The trace element results and their selected ratios are shown in Table 1 . The TOC concentrations in the laminated chert-phosphorite assemble are from 00.7% -0.94%, and from 0.66% to 2.79% in the carbonaceous shale layer (Table 1 ).
Evaluation of Detrital Input
Detrital, biogenic, and hydrogenous fractions show three independent concentrations of sediments [45] . Monitoring of the detrital fraction (i.e., crustal) is necessary to assess the enrichment of redox-sensitive elements relative to their detrital component. Th is stable in the water column, and occurs permanently in the insoluble Th 4+ states, and largely independent of factors such as source area and grain size [16] . Therefore, it is used in the present study to monitor detrital input [46] . The lack of correlation between Th concentrations and U, and V ratios suggests no detrital influence on redox-sensitive elements (Figure 3 
Discussions

Redox Sensitive Elements Geochemistry
Trace elements (e.g., Mo, U, and, V et al.) and their ratios (including Ni/Co, V/Cr, and δU) have been widely used as indicators for paleoredox conditions Wignall (1994a, b) proposed to use the δU (δU = 2U × (U + Th/3)) index to distinguish the sedimentary environment of shales, with δU > 1 representing anoxic environment and δU < 1 for normal marine sedimentary environment.
Based on this criterion, all samples fall into the anoxic region ( of depositional conditions, due to the disturbance of the system by the substitution of V and U into apatite [11] . Phosphorite genesis needs a favorable environment in the bottom water. Upwelling hydrothermal fluid and transgressive events could generate the proper conditions for the formation of phosphate nodules [16] . The REE results indicate that the lower Yurtus Formation shales are highly influenced by hydrothermal inputs [23] [27] . The phosphatic rocks and cherts of the basal Yurtus Formation exhibit oxic conditions with significantly negative Ce anomalies, and Ce/Ce* is in the range of 0.37 -0.48 [27] . These significantly negative Ce anomalies are generally ascribed to organic matter derived from organisms in the euphotic zone [26] . However, the TOC concentrations of phosphatic rock and cherts are relatively low (Table 1, <0.94 wt %). Therefore, organic matter may not be the main trace element source for the phosphorites and cherts. The formation of phosphorite, especially phosphate nodules, in siliciclastic depositional systems might be related to high-energy hydrodynamic regimes, reworking and redeposition [56] [57] [58] . In addition, no sulfide was found at basal of the Yurtus Formation in the studied area. Thus, the bottom water during the early International Journal of Geosciences Cambrian could not be anoxic or euxin. Study on the Liuchapo Formation, southeastern Chongqing proposed by Li et al. (2015) further indicates the oxygen sedimentary conditions in early Cambrian [56] These consistent results from different areas demonstrate that oxic bottom seawater widespread in the whole basin around the Ediacaran-Cambrian boundary, and the following transgressive event induced an anoxic basin at the beginning of the early Cambrian.
Mo Isotopic Geochemistry
Mo isotope fractionation patterns have been used to reconstruct the redox state of the Earth's atmosphere and oceans [4] [7] . The δ 98/95 Mo isotope composition of the black rock series from the Sugtebrak section, is from −0.17‰ to 1.56‰, and reveal two negative anomalies (N1 and N2) and one positive recovery (P1) over a few meters of stratigraphy thickness only (Figure 2 , Table 1 ). Several mechanisms could contribute to the variabilities of Mo fraction, including: 1) the changes of the redox conditions (such as oxic, anoxic and strongly euxinic water-column). In oxygenated seawater, Mo is present as Mo ratios show lighter than that present-day euxinic sediments (2.3‰) [61] , and heavier than typical of Mo adsorbed onto Mn oxides (−0.7‰) [61] [65] , and fall into the range of suboxic sediments Mo values (0.27‰ -1.79‰) in carbonaceous shales and cherts (interval 1), and are from 0.11‰ to1.70‰ in black shale layer (interval 2) in the Zunyi section, in South China [7] . Combining with Fe abundance in samples, redox elements characters, and δ 98/95 Mo values, the redox conditions changed from anoxic and ferruginous in interval 1, and euxinic in interval 2 have been concluded [7] . Comparison with Zunyi section, no sulfide layer was occurred in the Sugetbrak section during the early Cambrian period. At the same time, the Early Cambrian sediments were affected by upwelling oceanic hydrothermal fluids [23] [27] . So the variation of Mo isotope in this study might not be merely connected with the suboxic or anoxic paleo-environment. Kirschvink et al. (1997) argued that marine circulation was reorganized repeatedly during the early Cambrian [67] . Nevertheless, the regional restricted basin with occasional seawater replenishment and intermittent dominance by continental input into restricted basins via riverine transport was preferred in our study. Mo below average present-day dissolved river load (0.7‰) [69] , and belong to the characters of continental margin suboxic sediments (from −0.7‰ to 1.6‰) [59] .
Oceanic Sedimentary Environment during the Early Cambrian of the Tarim Basin
There is a long standing debate about the reason for significant changes in ocea- [59] . At the beginning of the early Cambrian (Nemakit-Daldynian age), the black rock series was drowned by a transgressive event [33] . And the sea level stayed a relative low level with the first episode hydrothermal fluid. Oxic seawater conditions in combination with nutrition provided by upwelling hydrothermal fluids induced the formation of phosphorite. Trace element and Mo isotope data suggest that interbedded chert-phosphorite assembles were scavenged from seawater under restricted conditions. The inferred scavenging process could occurred under replenishment of nutrition to the restricted basins by upwelling oxidize seawater [25] [72] . High current or wave energy in combination with oxic seawater did not favor the preservation of organic matter, thus , the TOC contents of the basal Yurtus Formation are quiet low (0.05% -0.94%) in cherts-phosphorite assemblages layer. When the relatively sea level increase, the early Cambrian shallow sea became lack oxygen and become suboxic/anoxic. In the suboxic/anoxic conditions of the bottom water, the organic matter that fell from the photic zone partly oxidized because the residual oxygen in the seafloor. Thus, the TOC concentrations of upper Yurtus Formation carbonaceous shale are low (1.15% -2.79%). In combination with the suboxic/anoxic conditions, another episode of hydrothermal activities promoted the enrichment of trace elements.
Conclusions
Combination with previously report data and the analysis of the geochemical redox indicators, TOC concentration, and Mo isotope data from black rock series at early Cambrian in the Tarim Basin, we conclude the following: 1) During the early Cambrian period, the transgressive and upwelling hydrothermal fluids from the open ocean have taken lots of nutritions into the restricted basin. Oxic conditions and rich nutritious water induced the laminated chert-phosphorite sedimentary with low TOC concentrations. When the sea level continues to rise, the sedimentary conditions of bottom water became relative lack oxygen, where were fit for the sedimentary of the carbonaceous shale in the restricted basin.
2) The Mo isotope compositions of black rock series could not only affected by hydrothermal events, but also the changes of sea level, and marine conditions.
